In full duplex systems, self-interference (SI) cancellation amounts is limited by the power amplifier (PA) nonlinear distortion. In this paper, to cancel the nonlinear SI induced by the PA, a SI cancellation scheme based on polarization modulation is proposed. The proposed scheme uses polarization state as the information-bearing parameter and can let the PA work in its nonlinear region without suffering distortion.
INTRODUCTION
Full duplex (FD) technology can transmit and receive signals simultaneously by using the same frequency band, which can improve the spectrum efficiency compared with the time division duplex (TDD) or frequency division duplex (FDD) technologies. To implement FD communication, the self-interference (SI) needs to be canceled to the noise floor to ensure that the interested signal can be detected from the mixed signals, because in the received mixed signals the SI is generally in the order of 60dB~100dB stronger than the interested signal. Hence it is a challenge to cancel the SI, and various SI cancelation methods have been put forward to realize FD communication [1] - [4] .
In the FD system, power amplifier nonlinear distortion limits the SI cancellation performance seriously, and several SI cancelation methods have been proposed to address this problem [5] - [7] . These methods firstly need to model the PA nonlinearity, and PA nonlinearity coefficients of the models are then estimated through some estimation methods. Finally, constructed SI signal can be obtained by combining the estimated nonlinearity coefficients of the PA and the SI channel state information, and is subtracted from the received signal. The cancellation performance of these methods heavily depends on the accuracy of the PA nonlinearity coefficients estimation, and the estimation error for the nonlinearity coefficients deteriorates the performance seriously, especially when the transmit signal power is strong.
In fact, although the signal's amplitude and phase is distorted, its Polarization State (PS) still can be used to carry the information [8] , [9] . In this paper, we propose a polarization modulation based SI cancellation scheme to resist the PA nonlinearity. The key idea is that the polarization modulation uses polarization state as the information-bearing parameter. As the transmitted signal's PS can be determined by a pair of orthogonal dual-polarized antennas [10] and is unaffected by the PA. Thus, the polarization modulation is immune to the PA non-linear distortion, and can allow the PA to work in its non-linear region. Numerical results manifest that the cancelation performance of the proposed method in terms of the BER is not affected by the PA nonlinearity compared to the system which needs to estimate the PA nonlinearity coefficients.
The rest of this paper is organized as follows. In Section II, the polarization modulation based FD system model equipped with orthogonally dual polarized antennas is presented. The proposed polarization modulation based SI cancellation method is described in detail in Section III. In section IV, simulations and analysis about the performance of the proposed method are given. Finally, the conclusions are drawn in Section V.
SYSTEM MODEL
In this section, we illustrate the proposed polarization modulation based full duplex system which is given in Figure 1 .
In the system, we denote the encoded transmitting sequence 1 S as   1 Through polarization modulation, all of the components in 2 S will be transmitted with the same polarization state (PS), and such PS corresponds to the transmitted 
. It can be seen that once the parameters of the PDU and PSU are fixed which refer to ( , ) ll  , the PS of the transmit signal including the distortion signal can be determined correspondingly. It indicates that the PS of the transmit signal is immune to the PA nonlinearity. At the receiver, the interested signal S E comes from other transmitter is received, and meanwhile the signal I E is received as the SI which is much more stronger than S E . Hence the received signal can be described as I is a two-order unit array.
For the received signal as described in (4), the second term II E H is the received SI, which needs to be canceled as much as possible, and for the interested signal S E , which needs to be detected at the receiver.
THE SI CANCELLATION SCHEME BASED ON POLARIZATION MODULATION (PMSIC)
Since in the proposed system model, the PS of the signals is used to convey the information, so it is needed to distinguish the PS of the SI and the interested signal at the receiver. Once the PSs are obtained, we can adjust the received PS orthogonal to the PS of the SI, which can cancel the SI. The detailed procedure is described as follows.
First, the SI is transmitted through the orthogonally dual polarized antennas (ODPAs), and the encoded signals are mapped with the PSs generated by the PDU and PSU through the CMU. In the same transceiver, the receiver can obtain the PS of its transmitter. Hence we can set the PS of the ODPAs at the receiver orthogonal to the PS of the SI. It is that if the PS of the SI is 
where   H  denotes the conjugate transposition. R P can be calculated easily according to (5) . Then the received signal at the receiver can be denoted as
From (6) it shows that the nonlinear SI SI E can be canceled efficiently. And there is only interested signal S E left, hence it can be demodulated without the SI interfering.
NUMERICAL RESULTS
Some BER simulation results for the proposed PMSIC scheme are given in this section. And it is compared to the method which needs to estimate the PA nonlinearity coefficient and reconstruct a copy signal of the nonlinear SI. We choose the PSK signal as the signal source. to map with the BPSK signal 0 and 1 respectively. And for the n order polarization modulation, there are n given polarization states to map with the nPSK signal. For the compared nonlinearity estimation cancellation (NEC) method and the proposed scheme, it is assumed that the channel state information (CSI) are all perfect known at the receiver, since we just investigate how the PA nonlinearity impacts the SI cancellation. For the PA, only a limited number of odd orders of polynomial contribute to the PA nonlinearity distortion and the higher orders could be neglected, hence the nonlinear PA can be modeled as y a x a x a x    (7) where x is the input signal of PA, and y is the output signal of PA. for the PA model, it only estimates the third-order nonlinearity of PA according to the NEC method in [6] , hence the estimation error is unavoidable because the third term 5 5 ax is neglected.
First we compare the performance of BER performance between the proposed PMSIC scheme and the system with nonlinear PA SI interfering. As Figure 2 shows that, the system with nonlinear PA SI interfering has a high BER, which indicates that the system is impacted severely by the PA nonlinearity, and the system can not demodulate the interested signal correctly. On the contrary, the proposed PMSIC method performs well in each case, which indicates that the proposed scheme is not impacted by the PA nonlinearity. Then we compare the performance between the proposed PMSIC scheme and the conventional NEC scheme. As Figure 3 shows that the PMSIC scheme performs obviously better than the NEC scheme in each modulation order. The NEC scheme applies the conventional Quadrature Amplitude Modulation (QAM), NEC=4 means that it applies the 4 order QAM. Hence the proposed PMSIC scheme is more effective than the NEC scheme. 
CONCLUSIONS
In this paper, we take advantage of the feature that the polarization state of the signal is not affected by the PA nonlinearity, and propose a self-interference cancellation scheme based on polarization modulation for the FD systems. The proposed scheme needs not to model the PA nonlinearity, and can avoid the PA nonlinearity coefficient estimation error. Simulation results and analysis show that the BER performance of the proposed scheme is better than the conventional scheme which needs to estimate PA nonlinearity coefficient, which indicates that the proposed scheme can cancel the nonlinear SI induced by the PA effectively.
